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ABSTRACT 


Summary: The aim of the study is to analyze and establish the relation between mean arterial pressure (MAP) and cerebral blood supply, respectively, cerebral 
vasospasm, in patients operated for non-ruptured cerebral aneurysms in the early postoperative period by measuring the Lindegaard ratio. Materials and methods: 
The study included 48 patients operated on non-ruptured brain aneurysms for the period from May 2018. until June 2019. The patients were divided into two groups, 
depending on the MAP values and the use of catecholamines in the early postoperative period, with the Lindegaard ratio measured by transcranial Doppler ultrasound. 
Results: Depending on the values of MP, patients are divided into two groups: MBP 70-90 mm/ Hg and 90 mm/ Hg. Better brain perfusion was reported in the 90 mm/ 
Hg group with 23.23%, respectively, a lower Lindegaard ratio, despite better results in comparing the two groups of patients, the improvement in cerebral blood flow 
was not statistically significant, p value < 0.5. Depending on the use of catecholamines in the early postoperative period, we divide patients into two groups: with and 
without catecholamine . In the catecholamine - treated group, brain perfusion was reported to be better by 32.14%, despite these results, comparing the two groups of 
patients, improvement in cerebral blood supply was not statistically significant with p value <0.5. Conclusion: It is theoretically permissible to assume that the use of 
catecholamines and maintaining a MBP above 90mmHg leads to better brain perfusion and prevention of cerebrovascular vasospasm in patients operated on non- 
ruptured cerebral aneurysms. Forward is necessary to cover a larger cohort of patients in order to demonstrate statistical significance in the results obtained. 
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INTRODUCTION: 

Intracranial aneurysms are acquired lesions that are most commonly located in 
the area of cerebral artery bifurcations in their cisternae segments, where there is 
also a maximum of hemodynamic stress. Most of the aneurysms are located in 
the anterior part of the Willis Circle (85-90%), where the most common 
localization is the anterior cerebral artery / anterior communicating artery - 30%, 
followed by the posterior communicating artery - 25%, and the meddial cerebral 
artery - 20 %. About 20-30% are multiple aneurysms’. 


The most common clinical manifestation in intracranial aneurysms is in a rupture 
that causes subarachnoid hemorrhage (SAH) or SAH, which is associated with 
intra-parenchymal, subdural, and / or intraventricular hemorrhages. 
Subarachnoid hemorrhage is an acute neurological condition leading to severe 
disability and mortality in a significant proportion of patients. About 12% of 
patients die before receiving medical care, and approximately 40% of 
hospitalizations graduate fatally by the end of the first month after hemorrhage. 
About 65% of patients die in the first episode of SAH’. 46% of patients, without 
neurological deficits after subarachnoid hemorrhage, experience a full recovery 
and only 44% return to their normal lifestyle’. 


Sudden headache without hemorrhage is a very common clinical manifestation 
a.k.a warning leaks, with headache often alleviating after drug usage’. It has been 
described by patients as "the most severe headache in life’. This is due to 
aneurysmal expansion, thrombosis or intramural bleeding without rupture’. 


Less often brain aneurisms are manifested by a space-occupying process, also in 
symptoms of compression of the optic nerves and pathways, as well as symptoms 
of compression of some of the other CNs, compression of the brain stem, 
hypothalamic-pituitary insufficiency, disorder in CSF drenaige, cerebral 
ischemia which are results from distal thromboembolism. 


Incidental aneurysms (asymptomatic) are those, which were discovered 
accidentally on the occasion of angiography, CT or MRI performed on another 
case. Incidentally detected aneurysms in the population are between 5-10%°. 


Cerebral vasospasm is a condition most commonly observed after SAH 
associated with an aneurysmal rupture, but may also occur in other intracranial 
hemorrhages (eg, intraventricular hemorrhage from arteriovenous 
malformations’, and SAH with unknown etiology), trauma (with or without 
SAH’), brain surgery (endovascular embolization, the so-called iatrogenic 
vasospasm that occurs in difficult navigation through a tortuously altered 
vascular anatomy). The term vasospasm was originated in 1951 by Ecker’, and 
vasospasm can be clinical and radiographic. 


Clinical vasospasm is referred to as delayed ischemic neurological deficiency 
(DIND) or symptomatic vasospasm. Delayed ischemic neurological deficits 
after SAH are clinically characterized by decreased level of consciousness, 
sometimes with focal neurological deficits (spoken or motor). 
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Radiographic vasospasm (angiographic vasospasm) is stenosis of the arteries, 
demonstrated by conventional angiography, often with delayed contrast 
fulfillment. The diagnosis is confirmed by previous or subsequent angiographs 
showing the same vessel of normal caliber. In some cases, DIND corresponds to 
a region of vasospasm. The incidence of angiographic vasospasm after SAH is 
about 50% (range: 20-100%)"". 


Conventional angiography is the most accurate and reliable method for detecting 
vasospasm, but it is invasive and carries risks in serial tests’. Transcranial 
Doppler (TCD) is a non-invasive method that uses pulsed-wave Doppler 
ultrasonography to measure blood flow velocity in the main branches of the 
anterior Willis Circle. (Fig. 1) 








Fig 1: TCD is non-invasive method that uses pulsed-wave Doppler 
ultrasonography to measure blood flow velocity in the main branches 
of the anterior Willis Circle. 








The introduction of TCD in 1982 by Aaslid” provides a non-invasive method for 
the evaluation of cerebral vasospasm, especially valuable in the screening of the 
cerebral spasm of the middle cerebral artery and for monitoring the development 


: . +e 13,14,15,16 : . . 
and resolution of this condition’”’””””. Stenosis of the arterial lumen, as occuring 


in vasospasm, increases the rate of blood flow, which can be detected by 
TCD""*”. Detectable changes can precede clinical symptoms by up to 24-48 
hours. Findings are often more useful when baseline studies performed prior to 
the onset of vasospasm are available. Several studies have shown that the degree 
of cerebral vasospasm and the clinical development of delayed ischemic 
neurological deficits cannot be estimated using only the absolute velocities of 
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flow through brain vessels measured by TCD" 


Typical MCA values are shown in Table. 1. Likewise, daily increases of > 50 cm/ 
sec signal vasospasm”. There is less correlation between velocity and vasospasm 
in the anterior cerebral arteries (ACA). Differentiation of vasospasm from 
hyperemia (in which blood flow velocity is increased in both MCA and ICA) is 
facilitated by using the ratio of these velocities, the so-called Lindegaard ratio. 


Tab. 1: Interpretation of TCD results. 


Interpretation of 
cerebral blood flow 


Average speed 


MCA:ICA (Lindegaard) 
through MCA em/sec ratio 




















| <120 <3 Normal blood flow 
120-200 3-6 Moderate vasospasm | 
>200 >6 Severe vasospasm 
MATERIALS AND METHODS: 


The study includes 48 patients operated on for non-ruptured brain aneurysms. Of 
these, 45 patients were operated on by endovascular procedure and 3 by 
craniotomy. 


The average stay in the Intensive Care Unit (ICU) was 17.5 hours. 


019 PHILIPS 
1PM 


cm/s — 


10 = 

~tDS 
$4-2 

MI 0.5 
“TIS 0.3 
F3 Gn 72 
Color 

2.5 MHz 
PW 

1.9 MHz 
Gn 94 
Angle 46 
2.9 cm 





e 
miprs | Sm une tee Fan ae 


Fig. 2: TCD demonstrated the blood flow through the right internal 
carotid artery 











All patients were followed by advanced hemodynamic monitoring, transcranial 
Doppler and Lindegaard ratio measurements at 6-th and 12-th postoperative 
hours. 


In (Fig. 2 and Fig. 3), is demonstrated direct measurement of blood flow through 
the right internal carotid artery (ICA) and, respectively, the right middle cerebral 
artery (MCA) ina patient intervening endovascularly for a non-ruptured right 
middle cerebral artery aneurysm. 





10/12/2018 
8:37:37 PM 


‘10 
cm/s — 


10 = 
Tos 


UMBAL SV. IVAN RILSKI PmLPs 


HD 


MI 0.6 
“TIs O.S 

3 Gn 72 
“Color 

2.5 Mitz 
Pw 

1.9 Mitz 





oo atlowhis Coins 4 Meee eect 


Fig. 3: TCD demonstrated the blood flow through the right middle 
cerebral artery 











RESULTS AND METHODS: 

According to localization, in 41 of the patients [85.4%] the aneurysm was located 
in the anterior part of the Willis circle, while in 7 [14.6%] they were located in its 
posterior part. In 29 patients [60.4%] were located in the area of the internal 
carotid artery (ICA) and 11 patients [22.9%] were in the area of the middle 
cerebral artery (MCA). 
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Preoperative evaluation of patients is in accordance with the classification of the 
American Association of Anesthesiologists (ASA), 42 of the patients are 
evaluated with grade IIASA and grade 6 - grade IIASA. 


The postoperative evaluation of patients was according to a modified Ranking 
scale (mRS), with 40 of the patients rated mRS = 0; 6 of the patients rated mRS = 
1; 2 of the patients rated mRS =2. 


Depending on the medication used, patients was divided into two groups. The 
first group included patients who were given catecholamine infusion. It 
contained 19 patients [39.6%], most commonly used catecholamines in our 
practice are dopamine 20-35 mcg/kg/ min or noradrenalin 0.08 mg / ml-2ml/h. 
The second group consisted of 29 patients [60.4%] who were treated without 
catecholamine. 


In 2 patients in the first group who received catecholamine drug therapy, was 
reported a severe cerebrovascular spasm with a Lindegaard ratio higher than 3, 
interestingly, in both patients the MBP was higher than 90 mmHg. (See Chart 1.) 























110,90 
° 
° 
° 
100,00 ° 
° 
° 
° 
< 90,00 
= ° 
80,00 
° 
70,00 
T T T 
2,00 3,00 4,00 5,00 
Index 
Chart 1: Relation between mean blood preasure (MAP) and 
Lindegaard ration in patients who received catecholamine drug 
therapy 








In the second cohort of 29 patients [60.4%] without catecholamine infusion, 3 
patients had evidence of severe cerebral vasospasm. (see Chart 2.) 
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Chart 2: Relation between mean blood preasure (MAP) and 
Lindegaard ration in patients without catecholamine drug therapy 








DISCUSSION: 

The very operative treatment of intracranial aneurysms (clipping, coiling or 
stenting) does not prevent the possibility of vasospasm. Surgical intervention 
and manipulation of intracranial vessels may increase the risk of so-called 
iatrogenic vasospasm. Prophylactic hyperdynamic therapy - triple H therapy, has 
not been indicated and may even lead to complications without result”. 


The most commonly used medicines for the treatment of cerebral vasospasm are 
calcium channel blockers (Nimodipine, Nicardipine), vasodilators (Papaverine), 
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magnesium drugs. 


After analyzing the results in our study (Application 1) in both groups of patients 
was found that those with catecholamine infusion had a MBP of 95.63mm / Hg 
and an average Lindeard ratio of 1.4, while those without catecholamine infusion 
have a MBP of 93.62mm/ Hg and an average Lindegaard ratio of 1.85. 


From the statistical analysis is clear that the catecholamine patient group has a 
lower Lindegaard ratio and 32.14% better brain perfusion. This, given the small 
number of patients, is statistically insignificant, p <0.5. 


In the exploration of the other important criteria (MBP) and, accordingly, in 
dividing the patients into two groups - with MBP higher or lower than 90mm / 
Hg, the first group of 16 patients hada MBP 83.63mm/ Hg, and 32 of the patients 
in second group have a MBP of 99.81mm/Hg. The mean Lindegaard ratio in 
patients with a MBP less than 90mm / Hg is 1.91 and in patients with a MBP 
above 90mm / Hg is 1.55. This shows 23.23% better brain perfusion, 


Application 1: 
MBP 16 83,63 5,67 32 99,81 
Lindegaard ratio 16 1,91 1,54 32 SS 
MBP 


Lindegaard ratio. 
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respectively, a lower Lindegaard ratio in patients with higher MBP. However, the 
analysis shows that this is not statistically significant, p <0.5. 


The risk of cardiovascular and pulmonary complications in patients with higher 
MBP should be considered. Out of the 48 cases described, all were carried by the 
ICU in good general condition, without pathological abnormalities in cardiac 
and pulmonary status, and no aggravation in the preoperative neurological 
symptoms was observed in the study group of patients. 


CONCLUSION: 

It can be theoretically suggested that in patients, operated on non-ruptured brain 
aneurysms, the use of catecholamines and maintenance of MBP above 90 mm / 
Hg leads to improved brain perfusion and prevention of cerebrovascular 
vasospasm. In the future, it is necessary to cover a larger group of patients in 
order to prove the statistical significance of the obtained results, and to include 
catecholamine therapy as a standard treatment in such patients. 


6,63 29 93,62 10,82 19 95,63 8,55 
1,88 29 1,85 1,19 19 1,40 1,05 
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The results are based on two-sided tests and assume equal deviations. For each significant pair, the key of the smaller category appears in the higher value 
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a. The tests are adjusted for all pairwise comparisons, with each row using the Bonferroni correction on the inner subtable. 
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99,81 93,62 95,63 
1,55 1,85 1,40 
A(,000) 


The results are based on two-sided tests and assume equal deviations. For each significant pair, the key of the smaller category appears in the higher value category. 


Capitalization statistical level (A, B, C): 05a 


a. The tests are adjusted for all pairs of comparisons in a row, using the Bonferroni correction for each row in the inner subtable. 


MBP 83,63 


Lindegaard ratio 1,91 


99,81 93,62 95,63 
ESS) 1,85 1,40 


The results are based on two-sided tests assuming equal deviations. For each significant pair, the key of the smaller category appears in the higher value category. 


Capitalization statistical level (A, B, C): 05a 


1.. a. The tests are adjusted for all pairs of comparisons in a row, using the Bonferroni correction for each row in the inner subtable. 
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